Dysfunction of cortical circuitry involving prefrontal cortex, cingulate gyrus and mesial temporal lobe has been implicated in the pathophysiology of psychotic symptoms. 22q11.2 deletion syndrome (22q11DS) is a neurogenetic disorder that comports a 25-fold increased risk of developing psychosis. Morphological changes in the neuroanatomy of this syndrome may represent a biological risk factor for the development of psychosis. The present study explored ratios between cortical volumes and the amygdala. We also explored relationships between these ratios and the eventual development of psychosis in youth with 22q11DS. A group of 73 individuals with 22q11DS, 32 community controls, and 27 unaffected siblings were followed every three years, at four timepoints. We analyzed baseline ratios between 34 bilateral FreeSurfer-generated cortical volumes and amygdala, and examined whether baseline cortical ratios predicted positive symptoms of psychosis 12 years later, at the 4th timepoint. Youth with 22q11DS demonstrated significantly smaller cortical volume-toamygdala ratios in left anterior cingulate, occipital and parietal cortices. An increased risk of developing psychotic episodes in individuals with 22q11DS was associated with a lower cortical volume-to-amygdala ratio, suggesting that cortico-limbic circuitry may play an important role in emotional modulation and may underlie the pathophysiology of positive symptoms of psychosis.
1. Introduction 22q11.2 deletion syndrome (22q11DS), also known as velo-cardiofacial syndrome (VCFS), is a neurogenetic disorder characterized by a deletion of a region containing over 50 genes on the long arm of the 22nd chromosome at the q11.2 locus. The most recent estimate of the prevalence of 22q11DS is 1:992 live births (Grati et al., 2015) . Besides the physical symptoms, including cleft palate, heart defects and atypical facies, individuals with 22q11DS often develop psychiatric symptoms, including phobias and generalized anxiety, and 25-30% develop psychotic disorders, primarily as schizophrenia (Green et al., 2009; Schneider et al., 2014) . This increased vulnerability for development of prodromal and full-blown psychosis highlights the importance of elucidating predisposing biomarkers and predictors of psychosis in these individuals, and by doing so, potentially determining the most effective developmental stage for intervention.
The onset of psychotic episodes in individuals without 22q11DS has been attributed, in part, to the dysfunction of cortical regions and circuitry involved in the regulation of emotional responses (Goldman et al., 2009; Hariri et al., 2000) . Moreover, the cortical dysfunction in schizophrenia has been related to changes in brain morphology, including volumetric reduction of cortical regions in the frontal and temporal lobe, as well as some subcortical regions (Goldman et al., 2009; Onitsuka et al., 2008) . Some of these morphologic changes, such as cortical thinning within the cingulate and frontal cortices, have been further implicated in the modulation of emotional responses, and therefore may predict the development of psychotic episodes in patients with 22q11DS (Gothelf et al., 2011; Hariri et al., 2000; Narr et al., 2005) .
The cingulate gyrus can be divided into a dorsal division, associated with cognitive processing and executive attention and a rostral division involved in the assessing of emotional information (Etkin et al., 2006) . The rostral anterior cingulate is connected with the amygdala and is thought to modulate its activity, therefore influencing the response to emotional stimuli (Etkin et al., 2006; Stefanacci and Amaral, 2000) . A link between dysfunction of the cingulate region and the appearance of
